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Nevi: Intuitive Perception of Dominant Clusters Is a
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Although nevi are highly polymorphous, it has been suggested that each individual is characterized by only a few
dominant patterns of nevi. Therefore, a nevus that does not fit in with these patterns, the ‘‘ugly duckling’’ nevus,
is suspicious. Our objective was to study the intra-individual diversity of nevi, using human ability to build
‘‘perceived similarity clusters’’ (PSCs). Nine dermatologists had to cluster all the nevi of 80 patients into PSCs, at
the clinical scale (CS) and at the dermoscopic scale (DS) (subset of 30 patients). Nine novices did the same in a
subset of 11 patients. The experts identified a mean of 2.8 PSCs/patient at CS. Concordance was higher between
experts than between novices at CS and at DS. Despite a trend for more PSCs at DS than at CS, the number of
nevus patterns per patient remained low, regardless of the number of nevi. Inter-expert concordance permits a
consensus representation of nevus diversity in each individual. Nevus diversity is limited in each patient and
constitutes an individual reference system, which we can intuitively perceive. This reference is probably crucial
for nevus analysis and melanoma detection and opens perspectives for computer-aided diagnostics.
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INTRODUCTION
Despite major progress in the treatment of advanced
melanoma, the prognosis of this disease still depends
on the ability of dermatologists to detect these tumors as early
as possible. Understanding the process at work in the
brains of dermatologists is crucial for improving the early
diagnosis of melanoma, optimizing the training of students in
skin cancer screening, educating the community in the self-
detection of melanoma and developing computer-aided diag-
nosis systems.
It has already been suggested that the melanoma detection
process used by dermatologists is not based on an analytical
process, such as an ABCD algorithm, but rather on a more
global cognitive assessment (Girardi et al., 2004, 2006).
The intra-individual comparative analysis (ICA) concept,
formalized as the ‘‘ugly duckling’’ sign, was proposed
(Grob and Bonerandi 1998) and subsequently evaluated
(Scope et al., 2008; Argenziano et al., 2011) for use in
diagnosing melanoma. ICA takes advantage of the fact that,
although nevi are highly polymorphous in the general
population, the many nevi in a given patient share similar
features and can thus be classified into a few ‘‘perceived
similarity clusters’’ (PSCs) that represent the dominant
patterns of nevi in that particular patient. Thus, an ‘‘ugly
duckling’’ in this patient can easily be recognized because it
is the only nevus, the alien, which does not fit into any of
the identified PSCs.
We designed a prospective experiment to study nevus
diversity in each individual, and to explore the pathways of
the human brain in ICA. For this purpose, 18 observers,
including 9 dermatologists (hereafter called experts) and 9
novices (non-experts), were submitted images of all of the nevi
of a series of patients, one case at a time. The observers were
asked to intuitively cluster the nevi of each individual into
PSCs, via an ad hoc web software program, which made this
operation very straightforward and as close as possible to an
actual skin examination.
Our objectives were to assess the ability of the human brain
to identify common features among the nevi of each indivi-
dual and cluster them into PSCs, with a good inter-observer
concordance, to use PSCs as a way to comprehend the intra-
individual diversity of nevi in each individual, and to model
the dominant patterns of nevi in each individual.
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RESULTS
Number of dominant patterns of nevi per individual
The number of dominant patterns of nevi per individual,
defined as the number of PSCs established by the nine experts,
was low. The median number of PSCs per patient identified by
the nine experts varied between 2 and 3 at the clinical scale
(CS), with a mean of 2.78 PSCs and a median of 3 for the 80
patients in subset 1, and varied from 2 to 4 at the dermoscopic
scale (DS), with a mean number of PSCs of 3.06 and a median
number of PSCs of 3 for the 30 patients in subset 2. Some
experts tended to systematically see more PSCs than others at
both the clinical and DSs (Figure 1). The intra-expert clinico-
dermoscopic agreement (Figure 1), i.e., the level of overlap
between the number of PSCs at the clinical and DSs for a same
observer, varied between experts (measured by the B3 metric;
mean¼0.61, range¼ 0.53–0.70) and did not depend on the
number of PSCs identified per individual. The landmarks to
appreciate B3 values were as follows: a value of 0.53 was
obtained for 11.5% of the image pairs grouped together at
both scales and 54.7% of the image pairs not grouped together
at both scales, and a value of 0.70 was obtained for 34.7% of
the image pairs grouped together at both scales and 31.6% of
the image pairs not grouped together at both scales.
A statistically significant positive correlation was observed
between the mean number of PSCs per individual and the
number of nevi per individual at the CS (subset 1), but
the number of dominant patterns remained low regardless of
the number of nevi; the mean number of PSCs per individual
increased from 2.2 to 4.6 PSCs as the number of nevi per
individual increases from 8 to 81. This situation was very
similar at the DS, although the smaller number of tested
individuals (30 individuals in subset 2) did not enable
statistical confirmation.
The novices generally identified more PSCs than experts at
the CS; the mean numbers of PSCs per individual were 3.91
and 3.03, respectively, for subset 3. This tendency increased
with the increasing number of nevi per individual. The novices
and experts identified comparable numbers of PSCs (3.43 and
3.49, respectively) at the DS.
Concordance between experts and novices as a measure for
assessing whether clustering by similarity is a natural process or
results from training
The inter-expert agreement in clustering was higher than the
inter-novice agreement at the CS (mean B3¼0.649 and 0.566,
respectively; Kruskal–Wallis nonparametric test: Po0.001),
suggesting an influence of dermatological training (Figure 2, a
and c). However, it is noteworthy that some experts system-
atically behaved differently from others (E5 for example),
which may indicate that different cognitive processes may
be used in this task.
There was a low between-observer agreement at the DS
(Figure 2, b and d), and the experts were no more concordant
among themselves than the novices were (mean B3¼ 0.557
and 0.564, respectively; Kruskal–Wallis nonparametric test:
P¼0.7).
Extraction of a consensus clustering to model the dominant
patterns of nevi in each patient
We calculated a consensus clustering (CC) that merged all of
the experts’ partitions into a single one to obtain the ‘‘best’’
representation of nevus diversity and the dominant patterns
of nevi for each patient. For each individual, the consensus
analysis provides a matrix of similarities between nevi that can
be used to build a hierarchical tree and display the proximity
of the nevi in a two-dimensional view. Figure 3 illustrates such
a tree that shows, for a given individual, the degree of
similarity or divergence between each nevus and the other
nevi determined by the nine experts, and how the best CC for
this individual is obtained on the basis of the highest B3 value
(see methods). In fact, the consensus clusters obtained from
the data at the clinical and DSs generated higher B3 values
when compared with each expert than did pairs of experts
compared with each other (0.77 versus 0.66 at the CS, 0.76
versus 0.59 at the DS). Similarities between the nevi can be
further observed on a multidimensional scaling-generated 2-D
plot, in which the clusters resulting from the hierarchical
analysis are highlighted (Figure 4).
The observers found a mean of 2.11 consensus PSCs per
patient at the CS. Although the number of PSCs was highly
variable from one patient to another, half of the patients had
85% of their nevi grouped into a maximum of two clusters,
into a single large cluster for 20% of these patients, and into
two clusters of approximately equal size for 36% of these
patients. The remaining patients displayed more variable
patterns of nevi, and a larger number of clusters were required
to classify them.
Multiple features characterize the consensus clusters, and
these features depend on the individual under consideration
(Figure 5 a and b). Although the similarities between nevi of
the same cluster and the differences between clusters are
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Figure 1. The intra-expert (E1 to E9) relationship between the mean number
of PSCs that each expert identified at the clinical scale (CS) and at the
dermoscopic scale in subset 2 (30 patients, 736 nevi). The line through the
plot indicates an equal number of perceived similarity clusters (PSCs) identified
for the two scales. The intra-expert agreement is given in brackets (in terms of
B3, identical clustering¼ 1.00). Figure 1 shows that those experts who saw
more PSCs than other experts at the CS demonstrated the same trend at the
dermoscopic scale.
Y Wazaefi et al.
Intra-Individual Comparative Analysis of Nevi
2356 Journal of Investigative Dermatology (2013), Volume 133
usually obvious at first glance (Figure 5), this study did not
permit us to describe which features actually drive an obser-
ver’s decision of whether two nevi belong to the same cluster.
DISCUSSION
This study shows that, despite the polymorphism of nevi in
general, the diversity of nevi in each patient is low and limited
to a few dominant patterns, regardless of the total number of
nevi present in this patient. Dermatologists examining a
patient are able to reduce the morphological diversity of nevi
to a low number of main patterns with good inter-expert
concordance. Moreover, some nevus patterns are clearly
dominant in each patient, as the extraction of a CC from
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Figure 2. The inter-observer (experts E1 to E9 and novices N1 to N9) concordance for the number of perceived similarity clusters (PSCs) at the clinical
and dermoscopic scales in subset 3 (11 patients), as determined by the B3 metric. Panels a (clinical) and b (dermoscopic) are color representations of the
concordance matrix: the darker the color the lower their concordance. Panels c (clinical) and d (dermoscopic) are multidimensional scaling (MDS) representations
of the concordance matrix: the higher the distance between two observers, the lower their concordance. Figure 2 shows that the inter-expert concordance tended
to be higher than the inter-novice concordance, and that the inter-observer concordance at the dermoscopic scale is low.
0.45
0.52
0.58
0.67
0.74
0.73
0.72
0.75
Supervised cutting using B 3
Figure 3. Hierarchical clustering of the similarity of nevi in a patient case,
based on the nine experts’ perceptions. This hierarchical tree displays the
consensus degree of similarity between the 19 nevi of this individual. The higher
the merging of two nevi in the tree, the more different their features were perceived
by the nine experts. The highest B3 value helps determine the partition level that
best represents the expert-determined nevus diversity in this patient.
Figure 4. A multidimensional scaling (MDS)-derived visualization of the
consensus clustering shown in Figure 3 (B3¼ 0.75). The more similar nevi (in
terms of the number of experts who put them in the same cluster) appear closer
together. Each image frame color represents a different cluster.
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experts shows that a mean of 2.11 patterns represent the nevus
diversity in each patient, and a maximum of 2 patterns
includes at least 85% of the nevi in half of the patients.
Finally, even in patients with a very high number of nevi, such
as those with atypical nevus syndrome, the number of
dominant patterns is not much higher than that in other
patients.
The human brain uses clustering by similarity to reduce the
diversity in set of objects to a limited number of major
‘‘subjective’’ patterns that are more manageable. Some experi-
ments have already evidenced that humans can classify skin
lesions, such as basal cell carcinoma, squamous cell carci-
noma, and seborrheic keratoses using such a matching
approach (Brown et al., 2009).
When applied to the clinical examination, the human brain
identifies some dominant patterns of nevi that thus define
‘‘normality’’ in this individual. Using ICA, the nevus that does
not fit into one of these dominant patterns is subsequently an
outlier for this individual. As such, it deserves special
consideration for melanoma suspicion. This process has
probably been unconsciously applied by generations of
dermatologists before it was defined as the ‘‘ugly duckling’’
concept (Grob and Bonerandi 1998).
Our data at the CS suggest that this ability to perceive
dominant patterns of nevi is intrinsic to our nature as humans,
because it was found in both experts and novices. However,
dermatological training improves the inter-observer concor-
dance, as illustrated by the better agreement among the
experts. Dermatological training may help one discard some
elements of diversity to concentrate on a lower number of
‘‘relevant’’ patterns. Indeed, experts are less prone than
novices to identifying an increasing number of PSCs as the
number of nevi per patient increases. It is likely that the ability
and concordance of dermatologists to cluster nevi would be
even more improved after dedicated trainings, which will
enhance the efficacy of ICA and may consequently improve
the accuracy of melanoma diagnosis.
The level of granularity (i.e., the number of observed
clusters per individual) seems to be observer specific. The
observers who tended to identify more PSCs than the others at
the CS also tended to identify more PSCs at the DS, regardless
of whether they were experts or novices. This result suggests
that there is some level of personal skill involved in describing
a given type of diversity with more or fewer patterns. It is
interesting to note that, although the experts achieved a
significant concordance, some of them did not perceive
images in the same way as most others and probably used
slightly different cognitive processes to address the same
problem.
The identification, qualification, and combination of
criteria, such as color, color distribution, shapes, borders,
and symmetry, to explain the clustering obtained for each
individual are not obvious (see Figure 5). This statement is in
line with the clinical results, suggesting that the diagnosis of
melanoma is based more on an overall cognitive assessment
of pigmented lesions rather than on the observation of
separate discrete criteria, such as the ABCD criteria (Gachon
et al., 2005).
As far as dermoscopy is concerned, it is worth noticing that
the experts did not have better inter-observer agreement in the
clustering than the novices at the DS. Indeed, the human brain
has not been naturally trained in ‘‘real’’ life to deal with
images at the DS. No spontaneous holistic process of image
perception has developed in novices and perhaps not in
Figure 5. Illustration of the nevi clusters (one line per cluster) in two patient cases. (a, b) Although the similarities between nevi of the same cluster and the
differences between clusters can be seen at first glance in this example, the study cannot permit to describe which features actually drive an observer’s decision of
whether two nevi belong to the same cluster.
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experts either. Dermoscopy provides access to many features
of nevi, allowing the clustering of the nevi in many different
ways depending on personal choices. In addition, the dermo-
scopic morphology of nevi is highly variable with age,
localization, and skin type (Zalaudek et al., 2007, 2011). It
would be useful to define some consensual criteria for
clustering and to include them in dermoscopy training to
improve inter-dermatologist concordance and efficiency.
We did our best to limit the biases in this experiment. Well
aware that the examination of nevi via a computer screen is
somewhat different from clinical examination, we have
designed an experimental interface mimicking the clinical
situation as much as possible. All the nevi of a given patient
were presented on a single screen at the same time, at a
magnification that allowed the observers to see the level of
detail that could be seen in clinical practice. As to DS, the
level of details and magnifications were those available in the
real life. To ensure that the process of clustering was as
spontaneous as possible, the entire experiment was conducted
in a single session for each observer so that there was no time
for the observers to consciously or unconsciously build an
artificial clustering strategy. The study of the clustering process
required that the study panel cover as much of the diversity of
nevi in different individuals as possible, but not that it was
representative of the general population. An independent
expert unaware of the real objectives of the study selected
the three subsets of patients with the objective of preserving
diversity in patient sets ranging from patients with true atypical
nevus syndromes to patients with few nevi. The size of each
subset was primarily chosen to find a reasonable compromise
between preserving the observers vigilance in intense and long
clustering exercises and including a range of variability in the
nevi profiles to warrant the robustness of the results (see
methods). To test to what extent the quality of the results relied
on the size of the three subsets, we have compared the
similarity (or dissimilarity) of clustering behavior between
experts, as observed from any of the subsets. Nonparametric
Kendall’s tau statistical test showed that similarity of clustering
behavior between experts from one set to another arising just
by chance was below 10 8, regardless of the comparison
(subset 1 versus subset 2, and so on). Although the diversity of
nevus profiles was better covered in the largest subset of
patients (subset 1) than in the smaller subsets, the mean
concordance between the experts did not differ significantly
from one subset to another (0.66, 0.67, and 0.65 for sets 1, 2,
and 3, respectively, for the CS; 0.59 and 0.56 for sets 2 and 3,
respectively, for the DS), indicating that the selection of
subsets did not really jeopardize the results. Finally, the
clinical and dermoscopic examinations of each patient were
conducted separately and randomly to avoid contaminating
the clinical findings with dermoscopic findings.
The successful extraction of consensus clusters from the
analyses of the nine experts demonstrates that their expertise
can be used to realistically represent the diversity of the nevi
in each patient. Such a model may be useful for the
implementation of ICA and ‘‘ugly duckling’’ concept in future
computer-aided diagnosis systems for melanoma. These sys-
tems designed for melanoma detection usually analyze the
features of a given lesion regardless of the other nevi of the
patient, resulting in a significant loss of information.
In summary, this study demonstrates that all of the nevi in a
given individual belong to a few dominant patterns that can be
intuitively perceived by experts and to a certain extent by the
general population. This low intra-individual diversity of nevi
explains why the ICA and ‘‘ugly duckling’’ concepts work so
well in dermatological practice. The dedicated training of
dermatologists in the clustering of nevi may be useful in
increasing their efficiency in making diagnoses. A model of
the nevus diversity perceived for each individual may be a
useful input to computer-aided diagnostic systems.
MATERIALS AND METHODS
Images and population samples
Digital images of all of the nevi of 208 volunteers were collected
between November 2009 and March 2011 (a total of 6249 images)
from the French hospital ‘‘La Timone’’ in Marseille. These volunteers
were contacted during different consultations in the hospital with two
objectives: to cover as much of the variability in nevi phenotypes in
the general population as possible and to include a minimum of 20
patients with melanoma. These 24-bit, color (RGB) images in JPEG
format were obtained with a numeric camera (SONY W120) attached
to a dermoscope (Heine Delta 20; Heine Ltd, Herrsching, Germany).
Each patient gave a written consent. According to French law, an
institutional approval was not mandatory in this setting of anonymous
study.
To set up the experiment, three subsets of patients were selected
from the database. The size of each subset was primarily chosen to
find a reasonable compromise between preserving the observers
vigilance in intense and long clustering exercises (mean time for
clinicalþ dermoscopic exercise in 10 patients¼ 1.30hour), and
including a range of variability in the nevi profiles to warrant the
robustness of the results. We thus included fewer patients in subset 2
than in subset 1, as the mean time for ‘‘clustering’’ on patient was
much higher at the DS (6minutes) than at CS (3minutes). Subset 3
was only designed to test whether some kind of ability to clustering
was spontaneously present in every human brain. To preserve the
quality of clustering in naives, expected to have a lower motivation,
the number of cases they were submitted to was reduced so that the
total exercise (clinicalþ dermoscopy) does not last more than 2hours
for each of them. The three subsets were selected by an experienced
dermatologist who was not aware of the melanoma diagnoses, if any,
and worked independently from the observers in the study. He was
first asked to select a group of 80 individuals (subset 1) who
represented as much of the diversity of phenotypes in the general
population as possible, not only in terms of the number, size, and
morphological features of nevi but also in terms of age and skin type.
He was asked to preserve this diversity as much as possible when
selecting smaller subsamples (subsets 2 and 3).
‘‘Subset 1’’, which was proposed for clinical clustering by derma-
tologists, included 80 patients (mean age: 42 years, range 19–80
years; 33 men and 47 women, respectively) with 2089 nevi (median
per patient: 26, range 8–81) and 7 melanomas (in situ, 0.3-, 0.6-,
0.89-, 1.75-, 1.77-, and 2.2-mm tumor thickness).
‘‘Subset 2’’, which was proposed for dermoscopic clustering by
dermatologists, was a selection of 30 patients from subset 1 (mean
age: 40 years, range 21–75 years; 12 men and 18 women), with 766
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nevi (median number of nevi per patient: 19; range 8–81) and 6 of the
7 melanomas from subset 1.
‘‘Subset 3’’, which was submitted to novices for clinical and
dermoscopic clustering, was a selection of 11 patients from subset
2 (mean age: 37 years (range 21–61 years); 6 men and 5 women) with
363 nevi (median number of nevi per patient: 25; range 16–81),
including 1 melanoma (Breslow¼ 0.3mm).
Observers
Nine senior dermatologists (Ei) who are experts in nevi and mela-
noma and nine novices without any medical experience (Ni)
participated in the experiment. The experts included five international
leaders from different countries (E1, E2, E3, E4, and E7), three in the
field of dermoscopy (E1, E2, and E4), one experienced office-based
dermoscopy specialist (E5), and three senior dermatologists from the
research group (E6, E8, and E9).
Experiment
The experiment was conducted at the university of Aix-Marseille
(Ecole supe´rieure d’Inge´nieurs de Luminy in Marseille) using a
21.5-inch iMac monitor (processor, 3.06GHz; definition: 1,920 
1,080pixels) and a secondary 24-inch Apple LED Cinema Display
(definition: 1,920  1,200pixels) screen for each observer.
The experts were asked to successively complete the ‘‘clinical
phase’’ for all of the patients in subset 1 and the ‘‘dermoscopic
phase’’ for all of the patients in subset 2. The novices successively
completed both the ‘‘clinical’’ and ‘‘dermoscopic’’ phases for the
patients in subset 3. The observers followed the three-step protocol
described below for each patient in both phases.
Clinical and dermoscopic phases of the experiment
‘‘Clinical phase’’ of the experiment. All of the nevi from each
patient in subset 1 were presented together on a single, large monitor
screen, one patient after the other, for the two-step clinical intuitive
clustering test (see below) completed by each observer. Once the task
had been completed for one patient, the observer was given another
randomly selected patient case. The image magnification level was
chosen to allow the perception of as many details of the lesion on the
screen as could be observed by the naked eye in clinical practice, i.e.,
50pixels per cm of lesion.
‘‘Dermoscopic phase’’ of the experiment. The same two-step
clustering test was used in this phase, but the images were initially
displayed on the two screens at 2.5 times the magnification that was
used in the clinical phase. The scale could be increased at will, and
the details could be examined at full resolution.
Experimental protocol:
Clustering step. For each patient, the observers were asked to cluster
the nevi they considered similar into as many PSCs as needed, thus
exploring intra-patient nevus diversity and the concept of dominant
patterns of nevi. Further on, observers were asked to merge the PSCs
they considered the most similar, and so on, cluster after cluster,
providing a hierarchical assessment of the distance between clusters
(data not shown). They were also asked to detect an ‘‘ugly duckling’’
if any (this step will be studied in another paper).
Data analysis and statistics
Assessment of concordance between observers. The assessment of
concordance is a difficult issue. Although two observers could be in
full agreement about the clusters they see at a given level, an
important apparent discordance can result, for example, from the
fact that one of them may tend to partition the data sets more than
another observer. The first observer will initially allocate the nevi to a
higher number of clusters than the second observer, despite the fact
that both observers in fact agree on very similar partitions. Such issues
may eventually obscure a low level (although important) of con-
cordance between observers. The B3 metric (Bagga and Baldwin
1998) was designed to account for such situations. Briefly, the B3
metric combines B3 Precision (the average precision of all items) and
B3 Recall (the average recall of all items) of the partitions under
consideration using the F1-score. Precision represents how many
items in the same cluster of partition 1 belong to the same cluster of
partition 2 (specificity by item). Similarly, B3 Recall represents how
many items from the same cluster in partition 2 appear in the same
cluster in partition 1 (sensitivity by item). B3 limit some potential
biases in the assessment of inter-observer concordance for partitions.
These biases can be linked to the number and size of the initial
clusters (the clusters of the second step of this study) and the
misleading tendency to classify all of the heterogneous nevi that
cannot be classified in another homogenous group into the same
cluster. In fact, B3 accounts for some constraints that are very relevant
to our experiment (Amigo´ et al., 2009). It values cluster homogeneity
(items belonging to the same cluster in partition 1 should be grouped
into the same cluster in partition 2), cluster completeness (items
belonging to the same cluster in partition 2 should be grouped into
the same cluster in partition 1), rag-bag criteria (introducing disorder
into a disordered cluster is less harmful than introducing disorder into
a clean cluster), and cluster size rather than the number of clusters
(a small error in a large cluster should be preferable to a large number
of small errors in small clusters).Multidimensional scaling (Borg and
Groenen 2005) was used to visualize the distances between the
observers in a two-dimensional space from a matrix derived from a
measure of agreement between the observers in terms of B3.
Assessment of similarity between nevi
The similarity between nevi was assessed using a cluster-based
similarity partitioning algorithm (Strehl and Ghosh 2002). Briefly,
the similarity between a pair of nevi in an individual was estimated as
the number of partitions in which the two nevi were clustered
together. The similarity varies from 0 to 9, as nine experts were
involved.
Modeling the best representation of nevus diversity in
an individual
The observers produced nine partitions for the nevi of each indivi-
dual, which were not identical but had significant overlaps. The
objective was to find a CC that merged the nine observers’ partitions
and best modeled the nevus diversity for a given individual. CC
(clustering aggregation) refers to a situation in which different
partitions for a particular data set have been obtained from different
inputs, and there is a need for a single partition. The hierarchical
agglomerative clustering method (Ward 1963) was used to build a
tree of hierarchical clusters based on the similarity matrix of each
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patient (Figure 3). B3 metrics were used to identify the partitioning
strategy with the highest agreement with the nine experts. At each
level of the hierarchy, we measured the agreement between the
corresponding partition and the partitions provided by the nine
experts in terms of B3. The highest B3 value finally identified the
partition that demonstrated the best agreement with the nine experts.
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